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Title: Computer Tomograph with Non-Contacting Energy Transmission 
Technical Field 

5 The invention relates to a computer tomograph with non-contacting transmission of energy. In 
this, the transmission of the energy needed by an X-ray tube is effected without contact between 
a stationary current supply and an X-ray tube disposed to be rotatable. Simultaneously, current 
may be supplied to other consumers such as detectors or data processing systems on the rotating 
part. 

10 

Prior Art 

With conventional computer tomographs a transmission of electrical energy between a stationary 
current supply and a rotating part is effected by means of mechanical slip-ring systems. In this, a 
15 brush, preferably of a carbon material, slides along a slide track, for example of brass. 
Disadvantages of this arrangement are a low lifetime, regular servicing intervals in which the 
brushes must be changed, and contamination by abrasion of the carbons. 

An improvement is disclosed, for example, in US Patent 4,912,735. In this, the computer 
20 tomograph system is configured to be a rotating data transmission device. A primary winding, 
fed by a primarily disposed alternating current source, is located on a stationary side. A 
secondary winding is mounted opposite to this on a rotating side. For better coupling between 
the primary winding and the secondary winding, these are surrounded by rotationally 
symmetrical cores of magnetically soft materials. However, this device is not suitable for 
25 transmitting high power in a range of 100 kilowatts, as would be necessary to energize modern 
X-ray tubes. This is because the transmission device has a high stray inductance owing to 
unavoidable air gaps between the stationary and the rotating side. Electrically this acts like a 
series inductance and thus represents a high series impedance for the current to be transmitted, 
which limits the transmittable power. 

30 
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Another improvement is disclosed in US Patent 5,608,771. Here the stray inductance of the 
transmission is supplemented by another inductance and a capacity to form a resonance circuit. 
At the same time, the high voltage transmitter is connected directly to the secondary winding of 
the rotating part. With this arrangement, a certain stray inductance can now be tolerated. 
5 However, a very high coupling factor of the rotating data transmission device is needed, because 
otherwise too large a part of the current would flow through the primary winding of the 
transmission device as a reactive current. Moreover, with high stray inductance a reasonable 
matching to the high voltage transmitter would hardly be possible. 

10 A disadvantage of both above-mentioned arrangements is a high outlay of material in the form of 
costly, highly-permeable ferromagnetic materials. Thus, with typical dimensioning, a few 100 
kilograms of iron or ferrite material would be needed. These also would substantially increase 
the total weight of the computer tomograph. Especially troublesome is the large mass of the 
rotating part, because this also requires a design of bearing means of suitable strength. Another 

15 disadvantage results from the high demands made on mechanical tolerances during rotation 
between the rotating and the stationary part. Thus, an air gap between the primary side in the 
stationary part, and the secondary side in the rotating part, should be ideally within a range of a 
few tenths of a millimeter. However, typical tolerances that can be attained in computer 
tomographs are larger by almost one order of magnitude. Particularly critical is an operation of a 

20 rotating part that is inclined to a horizontal axis, because here the rotating part tilts from its 
normal position with respect to the stationary part. 

Description of the Invention 

25 The invention is based on the object of designing a device for non-contacting transmission of 
electrical energy between the stationary and the rotating part of a computer tomograph more 
economically than in prior art, and furthermore of developing it so that the mass of the entire 
arrangement is reduced, and also so that larger mechanical tolerances are admissible between the 
rotating part and the stationary part. 
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An achievement of this object is set out in the independent patent claims. Further developments 
of the invention form the subject matter of the dependent claims. 

The device in accordance with the invention comprises a computer tomograph with a rotating 
5 part 1 and a stationary part 2. The stationary part comprises a bearing assembly 3 for rotatably 
supporting the rotating part 1. Furthermore, at least one d.c.-a.c. converter (inverter) 6 is 
provided for generating an alternating current. This alternating current contains at least the 
ground wave of a first frequency. Furthermore, a conductor arrangement 7 is present which is 
supplied with an alternating current from one or a plurality of d.c.-a.c. converters 6. This 

10 conductor arrangement is disposed at least along a portion of a circular track on the stationary 
part. Substantial components of a conductor arrangement in accordance with the invention 
consist of electrical conductors carried on a mount or on support rods 23. A conductor 
arrangement of this kind can be built substantially more easily than the rotating transformers 
known from prior art which already require, instead of the simple conductor arrangement, a 

15 completely designed primary side of a transformer. This comprises, in addition to windings and 
insulation, also iron or ferrite cores that must be fabricated with small mechanical tolerances to 
form as small as possible an air gap between the primary side (stationary) and the secondary side 
(rotating). For coupling out an electric current from the conductor arrangement, an inductive 
coupler 8 is mounted on the rotating part. This inductive coupler 8 is of a length that is short in 

20 comparison with the length of the conductor arrangement 7, and it is moved by the movement of 
the rotating part relative to the stationary part along the conductor arrangement. The current 
coupled out by the conductive coupler 8 can now be supplied to consumers such as the X-ray 
tube 4, and also a detector arrangement 5 on the rotating part. 

25 In this description the term "current" is used as a general term to mean electrical energy. Instead 
of this, reference similarly could be made to the term voltage or energy. 

Another device in accordance with the invention is designed similarly to the above-described 
device. However, the conductor arrangement 7 and the coupler 8 are interchanged. Thus, the 
30 coupler 8 is assigned to the stationary part 2 and is supplied with alternating current by the d.c.- 
a.c. converter 6. The conductor arrangement 7 is disposed on the rotating part 1 opposite to the 
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coupler 8. Accordingly, the current coupled out from the conductor arrangement 7 can now be 
supplied to consumers such as the X-ray tube 4, or also the detector arrangement 5 on the 
rotating part. 

5 A particularly advantageous embodiment of the invention provides a conductor arrangement 
comprising 1, 2, or even 3 electrical conductors (9a, 9b, 9c) disposed in parallel. Furthermore, 
currents flow through these conductors so that the sum of the currents through all conductors is 
equal to zero at each angular position of the conductor arrangement. If, for example, the 
conductor arrangement is severed by a radial cut at an arbitrary place, and the currents flowing at 

10 this place are measured, then the sum of the currents amounts to zero. This may be effected, for 
example, with a two-conductor system in which a current flows through one conductor in a first 
direction, and a current of the same magnitude flows through the second conductor in an 
opposite direction. With a three-conductor system, the currents of the three conductors could 
each have the same amplitude and be phase-shifted by 120 degrees. With an embodiment of this 

15 kind, electromagnetic emission can be substantially reduced. As the sum of the currents at each 
portion of the conductor arrangement is equal to zero, the outer magnetic field also is zero. In 
order to achieve good balancing, a balance-unbalance transformer or a common mode filter may 
be used, for example. For control with a plurality of conductors, a phase-shift-bridge in the d.c- 
a.c. converter is particularly suitable. 

20 

In another advantageous embodiment of the invention, the conductor arrangement 7 comprises a 
plurality of segments (10a, 10b, 10c) along a circumferential direction. With this segmentation, 
electrical energy of different kinds, such as high power for feeding the X-ray tube, and auxiliary 
current supplies, may be transmitted via separate segments. Similarly, the entire transmitted 
25 power can be increased by connecting a plurality of segments in parallel. Of course, a plurality 
of conductor arrangements also may be disposed to be parallel to each other, for example 
adjacently to each other along an axial direction, or inside each other along a radial direction, 
using suitable couplers. 
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In another advantageous embodiment of the invention, a plurality of couplers (8a, 8b, 8c) are 
provided, at least one coupler being in engagement with the conductor arrangement 7 at each 
instant of time. Here the concept of "instant of time" relates to a rotational movement of the 
rotating part 1 relative to the stationary part 2. Expressed differently, this means that at each 
5 position of the rotating part 1, at least one coupler 8 is in engagement with the conductor 
arrangement 7. With this, a transmission of energy is possible at each instant of time of the 
movement, or at each location. 

In another advantageous embodiment of the invention, at least one tap 8 comprises magnetically 
10 soft material for concentrating the magnetic flux. Thus, the tap may be provided with iron 
material, preferably in the form of sheet iron, or also ferrite materials, for example. Here a use of 
iron or ferrite materials, in particular powders bound by plastic material, is of particular 
advantage. Optionally and additionally, magnetically soft material may be also provided at the 
conductor arrangement 7 in order to improve mutual coupling. 

15 

In another advantageous embodiment of the invention, a plurality of d.c.-a.c. converters 6 are 
provided, each d.c.-a.c. converter 6 energizing optionally one conductor 9 and/or one segment 10 
of the conductor arrangement. 

20 In another advantageous embodiment of the invention, at least one d.c.-a.c. converter is adapted 
to energize one conductor 9 and/or one segment 10 of the conductor arrangement 7 at, or close 
to, a respective resonance frequency. 

In another advantageous embodiment of the invention, optionally the conductor arrangement 7, 
25 and/or at least one tap 8, are supplemented with at least one capacitor, and also optionally with 
one or a plurality of inductances to form a structure capable of resonance at a predetermined 
resonance frequency. It is especially advantageous for the arrangement to be supplemented to 
form a series resonance by an addition of a series capacitor, and also an optional series 
inductance in case the inductances of the conductor arrangement or the tap are not sufficiently 
30 large. As an alternative to this, the arrangement can also be designed to form parallel resonances 
by an addition of at least one parallel capacitor in parallel with the conductor arrangement 7 or 
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the tap 8. The operation of the d.c.-a..c. converter 6 may now be adapted to the different 
resonance conditions. For example, a regulation of the emitted power can be effected by varying 
the frequency of the d.c.-a.c. converter. Thus, with an emission of an output current of the d.c- 
a.c. converter at the resonance frequency, a maximum of power is reliably transmitted, whilst 
5 smaller power is transmitted at frequency deviations, depending upon the quality of the 
resonance circuit. 

With low load impedances it is of especial advantage to regulate the d.c.-a.c. converter 6 on a 
series resonance, because this has a quality that increases with sinking load impedance. To the 

10 contrary, however, at high load impedances it is of advantage to regulate on a parallel resonance, 
because with parallel resonances the quality increases with the load impedance. Expediently, a 
change-over switching means is provided for first determining the load impedance, for example 
from the ratio of output voltage to output current of the d.c.-a.c. converter 6, and then 
configuring accordingly the frequency regulation of the d.c.-a.c. converter to parallel resonance 

15 or series resonance. 

Basically, a system comprising the d.c.-a.c. converter 6, the conductor arrangement 7, and also 
the tap 8 may be used optionally for transmitting power and simultaneously controlling or 
regulating the transmitted power, or exclusively for pure power transmission. If the transmitted 

20 power is controlled or regulated by the system, then for example, a pulse-width modulation in 
pulse packages of the output signal, or else a shift of the frequency away from the resonance 
frequency, is necessary. Basically, the efficiency of the d.c.-a.c. converter diminishes with a 
shift of frequency. At the same time, the emissions of high frequency signal components 
increase. As an alternative to this, the d.c.-a.c. converter may always be operated at an operating 

25 point of optimum efficiency at the resonance frequency. Now, in order to control the emitted 
output parameter, for example another circuit component, or a power factor correction circuit 
having an output range settable within wide limits, is needed on the primary side. If the d.c.-a.c. 
converter is operated at the resonance frequency, then its efficiency is very high, so that it is not 
necessary to measure the high-frequency output current in order to measure the transmitted 

30 current. Instead, the direct-current consumption of the d.c.-a.c. converter can used for this. 
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In another advantageous embodiment of the invention, at least one d.c.-a.c. converter 6 is 
adapted to detect different load conditions, so that it may detect when its assigned segment of the 
conductor arrangement 7 is not in engagement with at least one tap 8. In accordance with this 
detection, the d.c.-a.c. converter 6 now switches off its output signal or controls it to have a no- 
5 load frequency. 

Furthermore, at least one d.c.-a.c. converter 6 can be adapted to emit a signal on at least one 
second frequency. Moreover, at least one frequency-selective means for selecting this frequency 
is located on the rotating part 1 , so that it now preferably couples out the energy transmitted with 
10 the second frequency and uses this to feed at least one further user such as, for example, a control 
computer or also the detector arrangement 5. 

In another advantageous embodiment of the invention, the d.c.-a.c. converter 6 is adapted so that 
the pulse duty factor of its output current may be varied selectively with a control unit. 
Advantageously, this does not affect the output frequency. A change of the pulse duty factor 
changes the spectral distribution of the output current. Thus, with a pulse duty factor of 50 %, 
corresponding to that of a symmetrical output signal, the proportion of even-number multiples of 
the base frequency ft), i.e. 2 • fO, 4 • fO, 6 • fO etc. approaches zero in an ideal case. If the pulse 
duty factor is changed to that of non-symmetrical output currents, for example only slightly to 49 
and 48 per cent, or on a large scale to 40 or 30 percent, then the amplitude of the even-number 
multiples increases. By selective filtering of the even-number multiples on the rotating part, a 
predetermined proportion of the transmitted power may be coupled out, for example to supply 
small consumers such as a control computer or the detector arrangement. In an advantageous 
manner, an auxiliary supply means may be provided to undertake a supplying to small loads in 
case the d.c.-a.c. converter configured for issuing high power is not active, because for example, 
no supply need be made to the X-ray tube. 

Another advantageous embodiment of the invention provides at least one d.c.-a.c. converter 6 for 
issuing a frequency-modulated output current. A modulation of the output frequency leads to a 
30 broadening of individual spectral lines of an output signal, whilst the signal amplitude is 
simultaneously reduced. This results in improved EMC properties of the system. The 
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modulation frequency should be selected to be greater than or equal to 100 Hz, so that it is larger 
than a measurement interval of the usual EMC Standards. Furthermore, the modulation 
amplitude, i.e. the frequency variation, should be chosen to be only so small that no appreciable 
fluctuations of the current result on the rotating side. 

5 

Description of the Drawings 

In the following the invention will be described by way of example, without limitation of the 
general inventive concept, on examples of embodiment with reference to the drawings. 

10 

Fig. 1 shows a perspective view of an example of a device in accordance with the invention. 

Fig. 2 shows in a schematic form a sectional view of a device in accordance with the invention as 
depicted in Fig. 1 . 

15 

Fig. 3 shows a cutout portion of an upper region of Fig. 2 of a device in accordance with the 
invention. 

Fig. 4 shows a block diagram of an electrical circuit of an example of a device in accordance 
20 with the invention. 

Fig. 5 depicts an arrangement with one single conductor. 

Fig. 6 shows an arrangement with two electrical conductors. 

25 

Fig. 7 shows an arrangement with three electrical conductors. 

Fig. 8 shows a bearer 41 with plates of a magnetically soft material 44 mounted thereon. 
30 Fig. 9 shows an arrangement with three conductors disposed in parallel. 
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Fig. 10 shows an arrangement with segmented conductors. 

Fig. 1 shows a perspective view of an example of a device in accordance with the invention. A 
computer tomograph (CT scanner) consists of two main mechanical components. A stationary 
5 part 2 serves as a base and frame of the entire instrument in which a rotating part revolves. A 
patient is positioned on a berth within an opening of the rotating part. A bearing assembly 3 
retained by a hollow section 15 of the stationary part 2 serves to support the rotating part 1. In 
the example of embodiment, this bearing assembly is designed to be a ball bearing. Of course, 
various other types of bearing may be used for this. An X-ray tube 4 and an oppositely disposed 

10 detector 5 are provided for scanning the patient by means of X-rays. The X-ray tube 4 and the 
detector 5 are disposed to be rotatable on the rotating part 1 . A motor 20 is provided to drive the 
rotating part. A slip ring 16 mounted on the rotating part 1 serves, together with a slip-ring tap 
21 attached to the stationary part, for a transmission of auxiliary and control signals. Thus, for 
example, safety signals such as those enabling X-radiation may still be transmitted via 

15 mechanical sliding contacts, as is at present still required by safety standards. As an alternative 
to this, an activation signal for the X-ray tube could also be transmitted without contact. In order 
to satisfy safety standards, this signal would have to be repeated at regular time intervals. If the 
signal is no longer received by the rotating part at these time intervals, then the X-ray tube is 
deactivated. The two sliding contacts that are still necessary in a mechanical configuration are 

20 almost free from requiring maintenance because of the low current load, and cause substantially 
less abrasion, and thus less contamination, than the contacts previously employed for 
transmission of energy. With this arrangement, image data of the detector arrangement 5 can be 
transmitted in parallel with this to the stationary part 2, for example without contact. For energy 
transmission, i.e. in particular for transmitting the high energy that is required by the X-ray tube, 

25 a conductor arrangement 7 powered by a d.c.-a.c. converter (inverter) 6 is provided on the 
stationary part 2. A tapping of signals from this conductor arrangement 7 is effected by means of 
a coupler 8 on the rotating part 1 . At least one coupler 8 should be provided to safeguard the 
operation. Of course, a plurality of couplers 8 may be provided. Optionally these may be 
connected in parallel, but also adapted for individually tapping-off supply energy for the X-ray 

30 tube 4, the detector arrangement 5, or other electronic components. 
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Fig. 2 shows in a schematic form a sectional view of a device in accordance with the invention as 
shown in Fig. 1 . In this, the components depicted in Fig. 1 are denoted by the same reference 
symbols. 

5 Fig. 3 shows a cutout portion of an upper region of Fig. 2 of a device in accordance with the 
invention. Most of the previously described components can be recognized more clearly in this 
illustration. Furthermore, an operative relationship between the parts becomes more clearly 
evident. In the illustrated region the stationary part 2 is designed to be a hollow section in order 
to increase the stability. The rotating part 1 is rotatably supported on this by means of a bearing 

10 assembly 3. The roller-bearing assembly 3 comprises an outer fixed (stationary) bearing ring 3a 
that is secured by means of a plurality of screws 14 to the stationary part 1 . Confronting this, an 
inner bearing ring 3c is rotatably supported by means of balls 3b. Fastened to one side of this by 
means of a plurality of fastening bolts 13 (shown in section on the right-hand side) is a cylinder 
11, and to the other side a disk 12. The disk 12 carries most of the components mounted to the 

15 rotating part 1, such as the X-ray tube 4 and the detector arrangement 5, in particular. The 
cylinder 1 1 carries a slip ring 16 secured to the cylinder 1 1 by means of screws 17. Mounted to 
this slipring, here by way of example, is a coupler 8 on a supporting member 1 8 that is fastened 
to the slipring 16 by means of screws 19. Here, for example, this coupler 8 has a U-shaped core 
of a magnetically soft material, such as, for example, iron or ferrite material. For transmission of 

20 energy, the coupler 8 is engaged with the conductor arrangement 7. The conductor arrangement 
7 depicted here has two parallel conductors 9a and 9b, for example. These conductors are 
mounted to the stationary part 2 by means of support rods 23a and 23b. Furthermore, a support 
plate 22 consisting preferably of a magnetically soft material is provided for exact positioning 
and easy assembly of the conductor arrangement 7. 

25 

Fig. 4 depicts a block diagram of an electrical circuit of an example of a device in accordance 
with the invention. Current supply to the entire arrangement is effected preferably via a three- 
phase line supply having a conventional line frequency which in the present case is 50 Hz, for 
example. Of course, a two-phase or d.c. supply is also possible. Input circuitry 30 comprises 
30 usual filters and a rectifier circuit, preferably with power factor correction (PFC). Rectified 
current at an output 31 is converted to a high-frequency alternating current by means of a d.c- 
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a.c. converter (inverter) 32 having typically 2, 4, or more semiconductor power switches. These 
semiconductor power switches may be configured, for example, as known half-bridge or full- 
bridge circuits. Preferably suitable as semiconductor switches are IGBTs or MOSFETS. The 
preferred frequency range is higher than that of the human threshold of audibility, i.e. 20 kHz, 
5 and extends as far as an upper frequency of about 1 MHz up to which modern high-power 
semiconductor-switches can be used economically. The high-frequency alternating current is 
issued from an output 33 and fed into the conductor arrangement 7 by means of a series 
inductance 34 and a series capacity 35. 

10 The resonance frequency of the arrangement results from the inductance 34 and also the 
inductance of the conductor arrangement 7 together with the capacity 35. If the inductance of 
the conductor arrangement is sufficiently high, then the inductance 34 may be dispensed with. 
The inductance of the conductor arrangement 7 is composed of an inductance of the conductor 
itself, a transformed inductance of the coupler 8, and also a coupling factor between the 

15 conductor arrangement 7 and the coupler 8. The output current tapped off from the coupler 8 can 
now be passed to a high voltage generator 38 producing a high voltage 39 for energizing the X- 
ray tube 4. A number of other consumers 40 also may be supplied in parallel with the high 
voltage generator 38. A connection to the coupler 8 may be effected optionally directly or by 
interposing a series capacity. This results in a second resonance circuit on the secondary side. 

20 Operation of the inverter is effected expediently on or close to the resonance frequency of the 
system. Control of transmitted power may be performed, for example, by controlling the 
operating frequency of the inverter, so that at low power requirement a frequency remote from 
the resonance frequency is chosen. Similarly, however, control of power may be effected by 
input circuitry 30 that sets its d.c. voltage according to the power requirement. In this case, the 

25 inverter connected to follow may be operated at maximum efficiency on the resonance frequency 
of the circuit. 

In order to match the impedance conditions it may be necessary to insert transformers at various 
sites of the arrangement. This may be necessary particularly between the d.c. -a.c. converter 6 
30 and the conductor arrangement 7, and also between the coupler 8 and the load. If the d.c. -a.c. 
converter is used to feed the coupler 8, then a transformer should be provided between the d.c- 
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a.c. converter and the coupler, or between the coupler arrangement and the load. It is equally 
expedient to insert a balancing transformer (having a high quality core of magnetically soft 
material), or a common mode choke having a magnetically soft core attended by losses, 
particularly to follow the d.c.-a.c. converter, or on the conductor arrangement. 

5 

In addition, a regulating means for the supplied voltage or the supplied current may be provided 
on the load side, for example by means of a switching power supply. Thus, the high voltage 
generator 38 and also an auxiliary supply means 40 will certainly be provided with regulating 
means for the output voltage. 

10 

Fig. 5 illustrates an arrangement with one single conductor. A bearer means 41 for the entire 
conductor arrangement, that may consist of, for example, metal for screening, but also an 
insulating material, carries an electrical conductor 9 by means of a support rod 23. For tapping- 
off current, a coupler comprising a core 42 of a magnetically soft material, and a winding 43 for 
15 coupling out an electric current, run along the conductor. 

Fig. 6 shows an arrangement with two electrical conductors. Here the conductor arrangement 
comprises a bearer means 41 and, disposed thereon, a magnetically soft material 44 for 
conducting a magnetic field. Parallel electrical conductors 9a and 9b are supported by means of 
20 support rods 23a and 23b. Here the coupler comprises a U shaped core 42 of a magnetically soft 
material, having at least one winding 43. 

Fig. 7 illustrates a corresponding arrangement with three conductors. Conductors 9a, 9b, 9c are 
attached to the bearer means with support rods 23a, 23b, 23c. Here the coupler is provided with 
25 three windings 43a, 43b, 43c. 

Fig. 8 shows a bearer means 41 with plates of a magnetically soft material 44 mounted thereon. 
With an arrangement of this kind, a simple encasing of the bearer means can be effected with 
prefabricated plate sections that are optionally rectangular or fitted to rounded portions. It is 
30 expedient for not only a portion of the circular circumference, as shown in the drawing for the 
sake of simplicity, but the entire circular circumference to be encased with plate sections. 
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Fig. 9 illustrates an embodiment of the invention with three conductors disposed in parallel. 
These are arranged on the bearer means 41. The open ends are supplied with current from d.c- 
a.c. converters. Here by way of example, the three conductors are connected together at one end. 
5 Expediently, each of the currents supplied by the d.c.-a.c. converter is phase-shifted by 120 
degrees with respect to the others. Of course, in addition to the arrangement with three 
conductors shown here, any other number of conductors may be used. 

Fig. 10 shows an embodiment of the invention in which the conductors are divided into 
10 conductor segments 10a, 10b, 10c. Three conductors are shown by way of example, but 
similarly two or more conductor segments may be employed. Each one of the conductor 
segments by itself may consist of one or a plurality of conductors disposed in parallel. Current 
supply is effected with a common d.c.-a.c. converter, or with an individual d.c.-a.c. converter for 
single conductor segments or groups of conductor segments. In addition to a frequency division 
15 multiplex, here also a local multiplex may be used for transmission. For this, it is expedient to 
employ a plurality of couplers 8. With this, a plurality of supply currents, for example for the X- 
ray tube, and also for the detector arrangement or other consumers, may be transmitted 
separately from each other. 

20 List of Reference Numerals 



1 


rotating part 


2 


stationary part 


3 


bearing assembly 


25 4 


X-ray tube 


5 


detector arrangement 


6 


d.c.-a.c. converter 


7 


conductor arrangement 


8 


coupler 


30 9 


electric conductor 


10 


conductor segments 



13 



English Translation of International Application PCT/EP03/13354 





1 1 


cylinder 




lz 


disk 




1 1 


iastenmg dous 




1 A 


screw for securing bearing 


J 




noiiow section 




ID 


sup ring 




1 / 


screw lor securing sup ring 




1 o 


supporting memuer ior coupler 




1 Q 

i y 


OCICW 1UI SeCUIlIlg SUppOILlIlg IlltlllUCI 


1 n 




IIIO LOI 






sup ring tap 




ZJ 


support rods 




in. 


input circuitry 




11 


UUipUl 1U1 U1ICLL LUIICI1L 


1 c 

13 


J A 


inverter 




11 
JJ 


output for HF alternating current 




14 


series inductance, stationary pan 




1 < 
JJ 


series capacity, stationary part 




1£ 


tnauctance 01 coupler o 


OA 


17 


Ciia-t'iac o vi o r»i tt r vwto Ti vi i~r v»nt4 

series capacity, rotating part 




1 0 

JO 


high voltage generator 




1Q 


output ior ntgn voltage 




4U 


auxiliary supply means 




41 


bearer means for conductor arrangement 


25 


42 


core of magnetically soft material 




43 


winding of the coupler 




44 


magnetically soft material 



14 



